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VOLTAGE PROTECTION OF GENERATOR 

REGULATING SYSTEMS 
Glen E. Harland, Jr., and Charles G. Hanson, Kokomo, 

Ind., assignors to General Motors Corporation, Detroit, 
Mich., a corporation of Delaware 

Filed Oct. 23, 1968, Ser. No. 770,047 
Int. Cl. H02h 7/06; H02p 9/30 

US. Cl. 317-13 10 Claims 

ABSTRACT OF THE DISCLOSURE 
This invention relates to a protection system for gen 

erator regulating systems utilizing a transistor voltage 
regulator. The regulator of this invention is used to reg 
ulate the output voltage of an alternating current gen 
erator which is connected with a bridge recti?er that is 
used to supply the electrical loads on a motor vehicle 
including charging the battery. The ?eld of the generator 
is supplied with current by a plurality of auxiliary diodes 
through a transistor voltage regulator operating in a 
switching mode. The voltage regulator includes a control 
transistor connected with the base of the output transistor 
of the regulator which is operative to block base drive to 
the output transistor whenever the voltage sensing circuit 
of the voltage regulator is disconnected from a circuit 
connecting the bridge recti?er and the battery. The sys 
tem also includes an arrangement for regulating the output 
voltage of the generator at a value higher than the 
desired regulated value whenever the bridge recti?er be 
comes disconnected from a conductor which feeds the 
battery and other electrical loads on a motor vehicle. 

This application is an improvement of the electrical 
system disclosed and claimed in US. patent application 
Ser. No. 668,836, ?led on Sept. 19, 1967, and now Pat. 
No. 3,469,168 and assigned to the assignee of this inven 
tion. 

This invention relates to a voltage regulating system 
of regulating the output voltage of a direct current power 
supply that is utilized to supply the electrical loads on 
a motor vehicle including charging the storage battery 
found on a motor vehicle. 

In the system of this application and in the system of 
copending application Ser. No. 668,836 a transistor volt 
age regulator is provided which has an output transistor 
and an input circuit and the output transistor is oper 
ated in a switching mode and is connected in series with 
the ?eld of the generator. The ?eld circuit is supplied 
with current by three auxiliary diodes which, together 
with three diodes of the main power bridge recti?er, 
provide direct current to the ?eld winding. The input or 
voltage sensing circuit of the voltage regulator is con 
nected across the battery so as to respond to battery 
charging voltage and the battery and bridge recti?er are 
permanently connected by a power supply cable. 
The advantage of the system that has just been de 

scribed is that the ?eld of the generator is only energized 
when the generator is developing an output voltage which 
eliminates the need for relays or other devices for dis 
connecting the ?eld circuit of the generator from the 
power supply circuitwhen the system is at rest. 
As pointed out in the above-mentioned copending 

patent application Ser. No. 668,836‘ it is possible during 
servicing of the electrical system, or due to other mal 
functions, to inadvertently disconnect either the voltage 
sensing circuit of the regulator from the circuit connect 
ing the bridge recti?er and the battery or to disconnect 
one of the power supply terminals of the bridge recti?er 
from the power supply lead. If the negative terminal of 
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the bridge recti?er becomes disconnected the ?eld wind 
ing is deenergized ‘but if the positive terminal of the 
bridge recti?er becomes disconnected or if the voltage 
sensing circuit becomes disconnected the output transistor 
of the voltage regulator is continuously biased conduc 
tive which, without the voltage protection system of the 
copending application, would result in an uncontrolled 
high voltage which would destroy certain electrical com 
ponents of the system. 

It has been discovered that the electrical system is 
a?ected in dilferent manners by the two different mal 
functions that have been described. Thus, it only the 
voltage sensing circuit of the regulator becomes discon 
nected from the circuit connecting the bridge recti?er and 
the battery the bridge recti?er still supplies current to 
the electrical loads and the battery and even though this 
voltage is limited, for example, to 19 to 25 volts in a 12 
volt system by the voltage protection system, this voltage 
can cause battery failure and has a detrimental elfect on 
the electrical components of the vehicle electrical system. 
On the other hand should the power supply conductor 

become disconnected from the bridge recti?er the sys 
tem voltage rises but since the power supply conductor 
is now disconnected from the bridge recti?er and gen 
erator it will not feed the electrical loads on the motor 
vehicle so as to adversely affect these loads including the 
battery. The voltage developed under this condition of 
operation by the auxiliary diodes and a part of the bridge 
recti?er is not su?icient to adversely affect the voltage 
regulator. 

It accordingly is one of the objects of this invention to 
provide a voltage regulating system which will reduce 
the output voltage of the generator substantially to zero 
whenever the input circuit of the voltage regulator be 
comes disconnected from the circuit connecting the diode 
recti?ed generator and the battery. In carrying this object 
forward a switching device is connected in the base cir 
cuit of the output transistor and this switching device is 
utilized to prevent base drive to the output transistor of 
the voltage regulator whenever the voltage sensing lead 
of the regulator becomes disconnected from the battery. 
Another object of this invention is to provide a voltage 

regulating system where the collector-emitter circuit of a 
control transistor is connected in series with the base 
emitter circuit of the output transistor of the voltage reg 
ulator and a system where this control transistor is con 
nected with the voltage sensing lead of the voltage reg 
ulator such that when the voltage sensing lead is con 
nected to the battery the control transistor is biased 
conductive to provide a path for base current for the 
?eld controlling output transistor of the voltage regulator. 

Still another object of this invention is to provide a 
voltage protection system for an electrical system that 
includes a diode-recti?ed alternating current generator 
and a plurality of auxiliary diodes for feeding the ?eld 
circuit of the generator and where the system deenergizes 
‘the ?eld when the voltage sensing lead of the regulator 
becomes disconnected from the battery and where the 
system is regulated at a voltage higher than the desired 
regulated voltage when the battery charging power supply 
lead becomes disconnected from the bridge recti?er. 

Another object of this invention is to provide a voltage 
protection system for a transistor voltage regulator where 
the components of the system are formed as a single 
monolithic chip. ~ 

Still another object of this invention is to provide a 
voltage regulating system for a generator battery charg~ 
ing system including a driver transistor and an output 
transistor and a switching control transistor connected 
between the driver and outputtransistors which responds 
to battery voltage and where the control transistor develops 
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a voltage drop which ensures a nonconductive condition 
of the output transistor when the driver transistor is 
biased conductive. ' 

In the drawings: 
FIG. 1 is a schematic circuit diagram of a generator 

voltage regulating system made in accordance with this 
invention; 

FIG. 2 is a schematic circuit diagram of a monolithic 
chip which forms a part of the electrical system shown 
in FIG. 1; 
FIG. 3 is a modi?ed voltage protection circuit which 

may be utilized in place of certain components in the 
system illustrated in FIG. 1; and 

FIG. 4 is still another modi?ed version of a voltage 
protection circuit which may be utilized in place of cer 
tain of the components illustrated in FIG. 1. 

Referring now to the drawings, and ‘more particularly 
to FIG. 1, an electrical power supply system for a motor 
vehicle is illustrated. This power supply system includes 
an alternating current generator generally designated by 
reference numeral 10 which has a three phase Y-con 
nected output winding 12 and a ?eld winding 14. The 
polyphase winding 12 is connected with the AC input 
terminals 15, 16 and 18 of three phase full-wave bridge 
recti?er generally designated by reference numeral 20. 
The diodes that make up the bridge recti?er are silicon 
diodes and it is seen that the bridge recti?er has a posi 
tive direct current output terminal 22 and a negative out 
put terminal 24 which is grounded. 
The positive direct current output terminal 22 is con 

nected with the positive terminal of a storage battery 26 
by a power supply conductor 28. The power supply con 
ductor 28 supplies charging current to the battery 26 
when the generator 10 is being driven by the internal 
combustion engine of a motor vehicle (not shown). When 
the engine is not being driven the bridge recti?er 20 pre 
vents the battery f-rom discharging into the output wind 
ing of the generator. 
The conductor 28 feeds various electrical loads on a 

motor vehicle which have been designated in their entirety 
by reference numeral 30. When switch 32 is closed the 
electrical load 30 is energized between conductor 28 and 
ground and when the generator is not charging the bat 
tery the battery can supply these electrical loads. The 
resistor 30 is intended to indicate various electrical loads 
including lights, radio and so forth and it will be ap 
preciated by those skilled in the art that a number of 
switches will be required to individually feed the elec 
trical loads for the vehicle. 
The electrical system of this invention includes three 

auxiliary diodes 34 which are preferably silicon diodes 
and which have their cathodes commonly connected to a 
junction 36. The anodes of diodes 34 are connected re 
spectively with the AC input terminals of the bridge 
recti?er 20 and are therefore connected respectively with 
the phase windings of the polyphase winding 12. When 
the generator is developing an output voltage the diodes 
34 together with the grounded diodes of the bridge recti 
?er 20 form a three phase full-wave bridge recti?er 
which applies a direct current potential between junction 
36 and ground. As will become more readily apparent 
hereinafter the diodes 34 operate as a device for con 
necting or disconnecting the ?eld 14 to the electrical sys 
tem. The direct current terminals 36 and 24 may be 
termed direct current ?eld energizing terminals since 
they feed the ?eld winding 14. 
The ?eld winding 14 of the generator has one end 

thereof connected to a conductor 38 and has its opposite 
end connected to the collector of a power output tran 
sistor ‘40 which forms a semiconductor switching device 
and the output stage of a transistor voltage regulator. 
The conductor 38 is connected with junction 36 by a 
conductor 42 and a ?eld discharge diode ‘44 is connected 
across the ?eld winding 14. The emitter of transistor 40 
is connected to a conductor 46 and this conductor is 
connected to ground through a small resistor 48 of ap 
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proximately .03 ohm. When transistor 40 is conductive 
in its collector-emitter circuit the ?eld Winding 14 will 
be energized with direct current through a circuit that 
can be traced from junction 36, through conductor 42, 
through ?eld winding 14, through the collector-emitter 
circuit of transistor 40, and then through resistor 48 to 
the grounded junction 24 of the bridge recti?er 20. The 
transistor ‘40 is operated in a switching mode and when 
it turns olf the self-induced current developed in ?eld 
winding 14 ?ows through the ?eld discharge diode 44. 
The base of the output transistor 40 is connected with 

a conductor 49. A thermistor 50, having a negative tem 
perature coefficient of resistance, is connected across the 
base and emitter electrodes of transistor 40‘. A control 
transistor switching device, which takes the form of a 
Darlington ampli?er, generally designated by reference 
numeral 52 and comprised of NPN transistors 54 and 56 
is connected in series with the conductor 49 and a junc~ 
tion 58. The Darlington ampli?er 52 is a part of the volt 
age regulator and controls the conduction of the output 
transistor 40. To this end the base of transistor 56, which 
forms a part of the Darlington ampli?er, is connected with 
a conductor 60 through a current limiting resistor 61. 
The conductor 60 is connected with conductor 62 at junc 
tion 64. The conductor 62 is connected to the conductor 
28 at junction 66 which forms the voltage sensing ter 
minal for the voltage regulating system of this invention. 
It can be seen that as long as the base of transistor 56 
is connected with junction 66 the Darlington ampli?er 52 
will be forward biased to electrically connect the junction 
58 and the base of transistor 40. On the other hand, 
should the voltage sensing lead 62 become disconnected 
from junction 66 the Darlington ampli?er 52 will have no 
forward bias and it therefore will open the circuit between 
junction 58 and the base of transistor ‘40. 
The voltage regulator of this invention includes a driver 

transistor switching device which takes the form of 
another Darlington ampli?er generally designated by ref 
erence numeral 68 and comprised of NPN transistors 70 
and 72. The collectors of transistors 70 and 72 are con 
nected together by conductor 74. The emitter of transistor 
70 is connected to conductor 46. The junction 58, which is 
connected with the collectors of transistors 70 and 72, is 
connected to conductor 38 by a resistor 76. A voltage di 
vider comprised of resistors 78 and 80 is connected be 
tween conductor 74 and conductor 38. The junction 82 
of the resistors 78 and 80 is connected to one side of a 
grounded capacitor 84 and to one side of a resistor 86. A 
Zener diode 88 is connected ‘between resistor 86 and a 
junction 90 that is connected with the base of transistor 
72. A second Zener diode 92 is connected between junc 
tion 90 and series connected resistors 94 and 96. 
A ?lter capacitor 98 is connected between the junction 

of resistors 94 and 96 and the conductor 46. 
The voltage regulator of this invention has a voltage 

sensing circuit which takes the form of a voltage divider 
generally designated by reference numeral 100. The volt 
age divider 100‘ is comprised of resistors 102, 104, 106, 
junction 107 and a thermistor 108 connected in parallel 
with resistor 102. The thermistor 108 provides tempera 
ture compensation for the system. The voltage divider 
100 is connected across conductor 28 and ground and 
therefore senses the voltage appearing between conductor 
28 and ground. The voltage sensing lead 62 is connected 
as close as possible to the battery 26 in order that the 
voltage divider 100 will respond to the voltage applied to 
the battery 26. This voltage will di?er from the volt 
age at junction 22 by the amount of voltage drop in 
cable conductor 28 when the generator is charging the 
battery and supplying the electrical loads 30. 
A circuit is provided for initially energizing the ?eld 

14 of the generator from the battery 26. This circuit in 
cludes a manually operable switch 110, a signal lamp 
112 connected in parallel with resistor 114 and conductors 
116 and 118. When the switch ‘110 is closed the ?eld 14 
of the generator will be energized from the positive side 
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of battery 26 through conductor 116, through switch 110, 
through the parellel connected signal lamp 112 and re 
sistor 114, through conductor 118, through conductor 
38, through ?eld winding 14, through the collector-emitter 
circuit of transistor 40 and through resistor 48 to ground. 
The signal lamp 112 provides a means for indicating 
whether or not the generator is charging the battery and 
will not be used where the system includes an ammeter. 
The operation of the FIG. 1 embodiment of this in 

vention will nOW be described. 
When the operator of a motor vehicle closes the switch 

110 the ?eld 14 of the generator will be energized from 
battery 26 to provide initial excitation for the ?eld wind 
ing 14. When the engine of the motor vehicle starts and 
drives the generator the generator output voltage rises 
and is maintained at a desired regulated value by the 
voltage regulator, for example, 14 volts in a 12 volt sys 
tem. When the generator comes up to voltage the signal 
lamp 112 is extinguished since the voltage of conductor 
38 will be approximately the same as the voltage of con 
ductor 28. 
As the output voltage appearing between junction 66 

and ground rises above a predetermined desired regu 
lated value the voltage between junction 107 and con 
ductor 46 reaches a value where it breaks down the Zener 
diode 92 and the series connected base-emitter junctions 
of transistors 72 and 70. When this happens the Darling 
ton ampli?er 68 is biased conductive and as a result of 
this the potential of junction 58 approaches that of con 
ductor 46. At this time the 'Darlington ampli?er 52 is 
biased conductive by the potential of junction 66 and the 
potential of the base of the output transistor 40 is there 
fore the potential of junction 58 less the voltage drop 
across the Darlington ampli?er 52 or in other words 
across the collector-emitter circuit of transistor 54. This 
voltage is not suf?cient to forward bias transistor 40 and 
it therefore turns o?? in its collector-emitter circuit. When 
transistor 40 turns oil? the ?eld current is switched off 
reducing the output of the generator. 
When the output voltage of the generator drops below 

the desired regulated value the potential between junc 
tion 107 and conductor 46v is lowered to the point where 
transistors 72 and 70 switch from a conductive condition 
to a nonconductive condition. The potential of junction 
58 now rises since there no longer is a conductive path 
through the Darlington ampli?er 68 to conductor 46 and 
this potential between junction 58 and conductor 46 now 
biases the transistor 40 conductive. As a result of this 
the ?eld current increases to raise the output voltage of 
the generator. 
The transistor 40 switches on and off during operation 

of the voltage regulator that has been described to main 
tain a desired output voltage for the generator. 

It will be appreciated that ?eld current for the ?eld 
winding 14 is supplied by the diodes 34 and the grounded 
diodes of the bridge recti?er 20. This arrangement is pro 
vided so that the ?eld winding 14 will be energized by a 
static circuit, that is, a circuit that does not utilize switch 
contacts whenever the generator is developing an output 
voltage. It will be observed that the battery 26 cannot 
discharge through the ?eld of the generator when switch 
110 is opened but the ?eld is nevertheless supplied with 
current by diodes 34 when the system is in operation. The 
voltage divider 100; is permanently connected across the 
battery but is comprised of resistors of relatively high 
resistance and for this reason drain on the battery is 
negligible when the system is shut down. 

Since the ?eld winding 14 of the generator is con 
nected with auxiliary diodes 34 and the lower diodes of 
bridge recti?er 20 the ?eld will also be energized when 
ever the generator is developing a voltage and when 
transistor 40' is biased conductive. It will also be observed 
that the regulating system is of the type that where the 
voltage divider 100‘ is sensing a low voltage the transis 
tor 40 is biased conductive. If it were not for one of the 
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features of this invention, should conductor 62 become 
disconnected from junction 66, the voltage divider 100 
would sense zero voltage with the result that transistor 40 
would be biased fully conductive by the voltage developed 
by diodes 34. When this condition occurs ?eld current is 
continuously supplied to the ?eld winding 14 with the 
result that the generator output voltage would go out of 
control and to an abnormally high value were it not for 
the protection features of this invention which are to be 
described. 

Another situation where the generator voltage may go 
out of control is where the cable 28 becomes inadvertently 
disconnected from the power output terminal 22 of the 
bridge recti?er 20. In this case, the voltage divider 100 
senses battery voltage but since this voltage is less than 
the desired regulated voltage, for example, 14 volts in a 
12 volt system, the transistor 40 again is continuously 
biased conductive with the resultant abnormal high volt 
age. 

In the above-mentioned copending patent application 
Ser. No. 668,836, ?led on Sept. 19, 1967, an over voltage 
protection system is disclosed and claimed which will regu 
late the output voltage of the generating system should 
the lead 62 become disconnected from junction 66 or 
the power supply lead 28 become disconnected from junc 
tion 22. 

Although both of the above-mentioned malfunctions 
result in an abnormally high voltage which can be regu 
lated by the system of the above-mentioned copending 
application, there is a difference in how these two mal 
functions a?Fect the regulating system. In the case where 
conductor 62 becomes disconnected from junction 66, the 
electrical loads of the motor vehicle, including the battery 
26, are still connected with conductor 28 with the result 
that even if the higher voltage is maintained at a higher 
regulated value, for example, 19 to 25 volts, the electrical 
loads of the vehicle may be damaged and the battery may 
also be damaged by a boiling of the battery electrolyte. 
On the other hand, should the conductor 28 become 

disconnected from junction 22, the electrical system will 
regulate at the higher voltage range (19 to 25 volts) but 
now the electrical loads are no longer supplied by con 
ductor 28 and this higher voltage will not destroy the 
regulating components of the voltage regulator. 

In order to protect the system from the condition where 
conductor 62 becomes disconnected from junction 66 the 
Darlington ampli?er 52 is provided which is connected be 
tween junction 58 and the base of transistor 40. If the con 
ductor 62 should become disconnected from junction 66 
the Darlington ampli?er 52 has no bias current applied to it 
through resistor 61 so it therefore becomes nonconductive. 
This means that no base current can be supplied to tran 
sistor 40 and because of this the generator output voltage 
drops substantially to zero whenever conductor 62 becomes 
disconnected from junction 66. This protects the electrical 
loads and the battery 26 which are supplied from cable 
conductor 28. 

In the event that cable conductor 28'becomes discon~ 
nected from junction 22 the regulating system will regulate 
at a higher regulated value, for example 19 to 25 volts in 
a 12 volt system. When conductor 28 is disconnected from 
junction 22 the voltage divider senses only battery volt— 
age which tends to forward bias transistor 40. The output 
voltage of the generator now rises to the higher regulated 
value and the diodes 34, together with the lower diodes 
of bridge recti?er 20, apply a higher rvoltage between con 
ductor 38 and ground. As the voltage between conductor 
38 and ground begins to rise the voltage drop across re 

- sistor 76 increases. Since the resistors 78 and 80 are in 
parallel with resistor 76 the voltage of junction 82 will also 
increase. When the voltage between conductor 38 and 
ground corresponds to a system voltage, of for example 
19 to 25 volts, the voltage between junction 82 and con 
ductor 46 will be su?icient to break down the Zener diode 
88 and the base-emitter junctions of transistors 72 and 70. 
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This causes the Darlington ampli?er 68 to turn on resulting 
in the turning off of the output transistor 40. This reduces 
the generator output voltage to a point where transistors 
72 and 70 are driven nonconductive which then results in 
biasing the transistor 40 conductive. The over voltage pro 
tection circuit which includes Zener diode 88 therefore 
regulates the output voltage of the generator at the higher 
regulated value in the 19 to '25 volt range whenever con 
ductor 28 becomes disconnected from junction 22. This 
higher voltage developed by diodes 34 and the grounded 
diodes of bridge recti?er 20 is not su?icient to have any 
detrimental effect on the components of the vvoltage regu 
lator connected with conductor 38 and ground. 

It will be observed that the over voltage protection 
circuit, including Zener diode 88, is a modi?cation of the 
over voltage protection disclosed and claimed in the above 
mentioned copending patent application Ser. No. 668,836 
and it will also be observed that the system of FIG. 1, 
which utilizes the Darlington ampli?er '52 provides addi 
tional protection not utilized in the above-mentioned co 
pending application. 

It should be pointed out that when the Darlington 
ampli?er 52 is biased conductive the voltage drop across 
the collector-emitter circuit is utilized to maintain tran 
sistor 40 biased nonconductive when transistor 70 is 
biased conductive. Thus, there is some voltage drop 
across transistor 70 when it is biased conductive and were 
it not for the collector-emitter circuit of transistor 54 this 
voltage could forward bias transistor 40 when it is de 
sired that this transistor be biased nonconductive. The 
voltage drop across transistor 70, when it is conductive, 
is of the same magnitude as the ‘voltage drop across con 
ductive transistor 54 and the net result of this is that 
the potential of the base and emitter electrodes of tran 
sistor 40 is of a value which will not forward bias this 
transistor when it is supposed to be biased nonconductive 
The thermistor ‘S0 aids in maintaining transistor 40 non 
conductive when transistor 70 is biased conductive. 

Referring now more particularly to FIG. 2 a circuit 
diagram is illustrated for an integrated circuit where the 
Darlington ampli?ers 52 and 68 and the Zener diodes 
88 and 92 are formed as a single monolithic chip. It is 
preferred that the regulating system be manufactured by 
this technique and it will be appreciated from an inspec 
tion of FIG. 2 that a common collector connection which 
is formed of N-type material is utilized for this chip. 
\In FIG. 2 the same reference numerals have been used 
as were used in FIG. 1 to designate identical parts in 
each ?gure. It will be appreciated from an inspection of 
FIG. 2 that the Zener diode 88 is formed from the emit 
ter-base junction of an NPN transistor whereas the Zener 
diode 92 is likewise formed by the emitter-base junction 
of an NPN transistor. All of the components have a com 
mon collector connection as is clearly apparent from an 
inspection of FIG. 2. 

Referring now to FIG. 3 a modi?ed voltage protection 
circuit is illustrated which can be used in the motor ve 
hicle electrical system of FIG. 1. Insofar as the com 
ponents are identical the same reference numerals have 
been used in FIGS. 1 and 3 to identify the same parts 
in each ?gure. It will be observed that in the FIG. 3 
embodiment an NPN transistor 120 is utilized rather than 
the Darlington ampli?er 68. In FIG. 3 a single NPN 
transistor 122 is utilized rather than the Darlington am 
pli?er 52 of FIG. 1. A resistor 124 is connected across 
the base-emitter circuit of output transistor 40 rather than 
the thermistor S0 of FIG. 1. The over voltage protection 
circuit in ‘FIG. 3 is the same as that utilized in copending 
patent application Ser. No. 668,836 and comprises resis 
tors 126 and 128 connected between conductor 130‘ and 
ground. In the system of FIG. 3 the voltage divider for 
sensing the output voltage of the system includes resis 
tors 132 and 134 the resistor 134 being shunted by capaci 
for 136. The resistor 128 is shunted by ?lter capacitor 138. 
In the FIG. 3 embodiment the base of transistor 122 is 
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connected to the battery sensing lead 62 through a con— 
ductor 140 and resistor 142. 

In the embodiment of FIG. 3 the transistor 122 will 
disconnect driver transistor 120 and output transistor 40 
in the event that the lead 62 becomes disconnected from 
the battery to therefore maintain a zero output voltage 
condition for the generator. In the FIG. 3 embodiment 
the Zener diode ‘88 performs the same function as Zener 
diode 88 shown in FIG. 1 and this Zener diode will con 
trol the conduction of transistors 120 and 40 to regulate 
the output voltage in the higher regulated value (19 to 
25 volts) should the conductor 28 become disconnected 
from power supply terminal 22. 

‘Referring now to ‘FIG. 4, an embodiment of the inven 
tion is illustrated which is identical with the FIG. 3 
embodiment with the exception that an NPN transistor 
144 is now connected between conductor 130 and the 
base of output transistor 40. It will be appreciated that 
transistor 144 performs the same function as transistor 
122 in the FIG. 3 embodiment and the same function as 
the Darlington ampli?er 52 in the FIG. 1 embodiment of 
this invention. The base of transistor 144 is connected 
to the battery sensing lead 62 through a resistor 142 
and when this lead is disconnected from junction 66 the 
transistor 144 is biased nonconductive to prevent base 
drive to the transistor 40. On the other hand as long as 
lead 62 is connected with junction ‘66 to sense either sys 
tem or battery voltage the transistor 144 is biased con 
ductive to provide a path for base current for transis 
tor 40. 

It will be appreciated that in the FIG. 3 and FIG. 4 
embodiments the driver transistor switches on and off in 
accordance with the bias voltage applied to it and that 
the output transistor assumes an opposite state. In other 
words, when driver transistor is biased conductive the 
output transistor is biased nonconductive and vice versa. 
It will be appreciated that the driver transistor 120‘ is the 
equivalent of Darlington ampli?er 68 and such a Darling 
ton ampli?er can be utilized in place of transistor 120. 

In the FIG. 4 embodiment of this invention a forward 
biased PN junction diode can be connected between the 
collector of transistor 120 and the base of transistor 40 
to provide a voltage drop to maintain the transistor 40 
biased nonconductive whenever transistor 120 is biased 
conductive. This diode will perform the same function 
as the collector-emitter circuit of transistor 54 in the FIG. 
1 embodiment of the invention. 
The preferred embodiment of the invention is the FIG. 

1 system which lends itself to fabrication as a monolithic 
chip as illustrated in FIG. 2 but it will be appreciated by 
those skilled in the art that various combinations of tran 
sistors and voltage protection systems can be utilized to 
practice this invention as long as some type of switching 
device, such as the Darlington ampli?er 52 in FIG. 1 or 
the transistors 122 and 144 in FIGS. 3 and 4, are utilized 
to block base current to the output transistor 40 whenever 
the lead 62 becomes disconnected from conductor 28. 
What is claimed is: 
1. An electrical system comprising, an alternating cur 

rent generator having an output winding and a ?eld 
Winding, a power bridge recti?er having direct current 
output terminals, a battery, means connecting said battery 
directly across said output terminals of said bridge recti 
?er whereby said bridge recti?er supplies charging current 
to said battery, a plurality of auxiliary diodes connected 
with said output winding, said auxiliary diodes being con 
nected with a third direct current output terminal, said 
third direct current output terminal and one direct cur 
rent output terminal of said power bridge recti?er form 
ing ?eld energizing terminals, a voltage regulator includ 
ing a semiconductor switching device having a pair of 
current carrying terminals and a control terminal, means 
connecting said ?eld winding and the current carrying ter 
minals of said semiconductor switching device in series 
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across said ?eld energizing terminals, a voltage sensing 
circuit for said voltage regulator, means connecting said 
voltage sensing circuit across said battery including a 
voltage sensing lead connected with a ?rst side of said 
battery, means connecting said voltage sensing circuit and 
the control terminal of said semiconductor switching de 
vice to control the conduction of said device as a function 
of the output voltage of said generator, a switching device 
connected in series between one of said ?eld energizing 
terminals and said control terminal of said semiconductor 
switching device, said switching device having a pair of 
control terminals one of which is connected to said volt 
age sensing lead and the other of which is connected to 
a second side of said battery, said switching device biased 
conductive when said voltage sensing lead is connected 
to said ?rst side of said battery and biased nonconductive 
to interrupt current ?ow to the control terminal semi 
conductor switching device when said voltage sensing lead 
is disconnected from said ?rst side of said battery. 

2. An electrical system comprising, an alternating cur 
rent generator having an output winding and a ?eld wind~ 
ing, a bridge recti?er connected with said output Winding 
having direct current output terminals, a battery, power 
supply conductors connecting said battery across the out 
put terminals of said bridge recti?er, a plurality of aux 
iliary diodes connected with said output winding, said 
auxiliary diodes having a common connection forming a 
?rst ?eld energizing terminal, a second ?eld energizing 
terminal provided by one of the direct output terminals 
of said bridge recti?er, a power output transistor, means 
connecting said ?eld winding and said power output tran 
sistor in series across said ?eld energizing terminals, a 
voltage sensing circuit for said voltage regulator con 
nected across the direct current output terminals of said 
bridge recti?er and including a voltage sensing lead con 
nected with one of said power supply conductors, means 
connected with said voltage sensing circuit and with said 
power output transistor for controlling the conduction 
of said power output transistor as a function of the volt 
age sensed by said voltage sensing circuit, a second tran 
sistor switching device having a collector, emitter and 
base, means connecting the collector and emitter of said 
second transistor switching device between the base of 
said power output transistor and one of said ?eld ener 
gizing terminals and means connecting the base of said 
second transistor switching device with said voltage sens 
ing lead, said second transistor switching device being 
biased conductive when said voltage sensing lead is con 
nected with said one power supply conductor and biased 
nonconductive when said voltage sensing lead is dis— 
connected from .said one power supply conductor. 

3. The electrical system according to claim 2 where 
the second transistor switching device is comprised of a 
pair of NPN transistors having their collectors connected 
together and the emitter of one of the transistors con 
nected to the base of the other transistor. 

4. An electrical system comprising, an alternating cur 
rent generator having an output winding and a ?eld wind 
ing, a bridge recti?er network having AC input terminals 
connected with said output winding and direct current 
output terminals, direct current power supply conductors 
connected with said direct current output terminals of 
said bridge recti?er, a battery connected to said power 
supply conductors, a plurality of auxiliary diodes con 
nected with said output winding, said auxiliary diodes 
having a common connection providing one direct cur 
rent ?eld energizing terminal, one of the direct current 
output terminals of said bridge recti?er forming another 
?eld energizing terminal, a voltage regulator including a 
power output transistor, means connecting said power 
output transistor and said ?eld winding in series across 
said ?eld energizing terminals, a driver transistor switch 
ing device, a circuit connected across said ?eld energizing 
terminals including a resistor and said driver transistor 
switching device, said last named circuit including a junc 
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10 
tion connected between said driver transistor switching 
device and said resistor, a control transistor switching 
device, means connecting the collector and emitter of 
said control transistor switching device in series between 
said junction and the base of said power output transistor, 
a voltage sensing circuit for said voltage regulator con 
nected across said battery and including a voltage sensing 
lead connected with one of said power supply conductors, 
means coupling the base of said control transistor switch 
ing device with said voltage sensing lead whereby said 
control transistor switching device is biased conductive 
when said voltage sensing lead is connected with said one 
of said power supply conductors, a ?rst Zener diode con 
nected between said driver transistor switching device and 
said voltage sensing circuit, said ?rst Zener diode respond 
ing to a desired regulated output voltage for said gener 
ator, and a second Zener diode connected between said 
driver transistor switching device and one of said ?eld 
energizing terminals, said second Zener diode providing 
voltage regulation for said system in the event that the 
output voltage of said generator rises above the desired 
regulated value provided by said ?rst Zener diode by a 
predetermined amount. 

5. The electrical system according to claim 4 where 
said driver transistor switching device and said con 
trol transistor switching device are both provided by 
pairs of NPN transistors having common collector con 
nections and direct base to emitter connections. 

6. An electrical system comprising, an alternating cur 
rent generator having a polyphase output winding and a 
?eld winding, a polyphase bridge recti?er having AC in 
put terminals and direct current output terminals, power 
supply conductors connected with the direct current out 
put terminals of said bridge recti?er, a battery connected 
across said power supply conductors, a plurality of 
auxiliary diodes connected with said polyphase output 
winding having a common direct current output terminal 
forming a ?rst ?eld energizing terminal, one of said direct 
current output terminals of said bridge recti?er forming 
another ?eld energizing terminal, a power output transistor 
having an emitter, base and collector, means connecting 
the collector and emitter of said output transistor and 
said ?eld winding in series across said ?eld energizing 
terminals whereby said auxiliary diodes supply current to 
said ?eld winding when said output transistor is biased 
conductive, a voltage sensing circuit for said voltage reg 
ulator including a voltage divider connected across said 
power supply conductors, said voltage sensing circuit in 
cluding a voltage sensing lead connected to one side of 
said battery, a driver transistor switching means including 
at least one transistor having a collector and emitter, a 
resistor, means connecting said resistor and the collector 
and emitter of said driver transistor switching means 
across said ?eld energizing terminals, a junction con 
nected between said driver transistor switching means and 
said resistor, a control transistor switching means in 
cluding at least one transistor having a collector and 
emitter, means connecting the collector and emitter of 
said control transistor switching means between said junc 
tion and the base of said power output transistor, means 
coupling the base of said control transistor switching 
means with said voltage sensing lead whereby said con 
trol transistor switching means is biased conductive when 
said voltage sensing lead is connected to said one side of 
said battery and said bridge recti?er, and a Zener diode 
connected between said voltage divider of said voltage 
sensing circuit and the base of said driver transistor switch 
ing means for controlling the switching of said driver 
transistor switching means and output transistor as a 
function of the output voltage of said generator. 

7. The electrical system acording to claim 6 wherein 
a second Zener diode is provided connected between the 
base of the driver transistor switching means and one of 
said ?eld energizing terminals, said second Zener diode 
responding to a voltage which corresponds to an output 
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voltage of said generator that is higher than the desired 
regulated value to be maintained by said ?rst Zener diode. 

8. An electrical system comprising, an alternating cur 
rent generator having an output winding and a ?eld wind-‘ 
ing, a bridge recti?er connected with said output winding 
having direct current output terminals, power supply con 
ductors connected with said direct current output terminals, 
a transistor voltage regulator including a power output 
transistor switching device having a collector and emitter, 
a plurality of auxiliary diodes connected with said output 
winding of said generator, said auxiliary diodes having 
a common connection providing a ?rst ?eld energizing 
terminal, one of the direct current output terminals of 
said bridge recti?er forming a second ?eld energizing 
terminal, means connecting said ?eld winding and the 
collector and emitter of said power output transistor 
switching device in series across said ?eld energizing ter 
minals, a driver transistor switching device having a col 
lector, emitter and base, a ?rst resistor, means connecting 
said ?rst resistor and the collector and emitter of said 
driver transistor switching device in series across said ?eld 
energizing terminals, a junction connected intermediate 
said ?rst resistor and the collector of said driver transistor 
switching'device, means connecting said junction and the 
base of said power output transistor switching device, 
voltage sensing means for said voltage regulator connected ‘ 
across said power supply conductors, a ?rst Zener diode 
connected between said voltage sensing circuit and the 
base of said driver transistor switching device, second and 
third resistors connected in parallel with said ?rst resistor 
between one of said ?eld energizing terminals and the 
collector of said driver transistor switching device, and a 
second Zener diode connected between a junction of said 
second and third resistors and the base of said driver tran 
sistor switching device, said ?rst Zener diode controlling 
said voltage regulator to provide a desired regulated out 
put voltage, said second Zener diode providing voltage reg 
ulation for said system when the voltage appearing between 
said ?eld energizing terminals corresponds to a system 
voltage which is higher than said desired regulated volt 
age. 

9. The electrical system according to claim 8 where a 
fourth resistor is connected in series with said second 
Zener diode between said second Zener diode and the 
junction of said second and third resistors and where a 
capacitor is connected between the junction of said second 
and third resistors and one of the direct current output 
terminals of said bridge recti?er. 

10. An electrical system comprising, an alternating 
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current generator having an output winding and a ?eld 
winding, a power ‘bridge recti?er having ?rst and second 
direct current output terminals, a battery, means connect 
ing said battery directly across said output terminals of 
said recti?er whereby said bridge recti?er supplies charg 
ing current to said battery, a plurality of auxiliary diodes 
connected with said output winding, said auxiliary diodes 
being connected with a third direct current output termi 
nal, said third direct current output terminal and said 
?rst direct current output terminal of said bridge recti?er 
forming ?eld energizing terminals, a power output tran 
sistor, means connecting said ?eld winding and the col 
lector and emitter of said output transistor in series across 
said ?eld energizing terminals, a driver transistor having 
a collector, emitter and base, a control transistor having 
a collector, emitter and base, means connecting the col 
lector and emitter of said driver transistor across the base 
and emitter of said output transistor, means connecting the 
collector and emitter of said control transistor beween 
said third direct current output terminal and the base of 
said output transistor, the collector-emitter circuit of 
said control transistor connected in series with the col 
lector-emitter circuit of said driver transistor, a voltage 
divider, means connecting said voltage divider across 
said battery including a voltage sensing lead connected to 
one side of said battery, a Zener diode connected between 
said voltage divider and the base of said driver transistor, 
and means connecting the base of said control transistor 
with said voltage sensing lead whereby said control tran 
sistor is biased conductive to connect said third direct 
current output terminal with said driver transistor and 
with the base of said output transistor when said voltage 
sensing lead is connected to said one side of said battery. 
said control transistor biased nonconductive to discon 
nect said third direct current output terminal and said 
driver and output transistors when said voltage sensing 
lead is disconnected from said one side of said battery. 
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